It has generally been assumed that the blood flow through human muscle during rhythmic exercise cannot be determined with the plethysmograph (Abramson, 1944) . We have, however, been able to make such determinations in special circumstances.
The new method has been used in experiments on the mechanical effect of rhythmic contraction on muscle blood flow. Kramer, Obal & Quensel (1939) showed that maximal rhythmic contractions obstructed the flow in dog's muscle. A. V. Hill (1948 a, b) found that the tension in strongly contracted frog muscle was 100-300 mm. Hg. The work of Grant (1938) and others on sustained human contraction left little doubt that rhythmic contractions per se would restrict blood flow in human muscle.
METHODS
Principle for measuring blood flow in the exercising calf This can best be explained with the aid of Text- fig. 1 . The tracing shows a plethysmographic record of the calf volume; the excursions are due to the contractions and relaxations of the calf muscles. The blood flow during rhythmic exercise is obtained as follows:
Text- fig. 1 , CP. A collecting pressure of about 90 mm. Hg is applied to the lower part of the thigh by inflation of a pneumatic cuff. Owing to compression of the veins the venous return is hindered and the calf swells. After the experiment a sloping line is drawn from which the rate of swelling is calculated.
In Text- fig. 1 it was 11i0 c.c./100 c.c. calf/min. At first sight this would appear to be the rate of the blood flow during exercise. This is, however, not necessarily the case; the apparent flow may be too small, because, owing to the pumping action of the muscles, some venous blood may escape under the cuff back into the body (Barcroft & Dornhorst, 1949 (ii) In fact, after the subject ceased exercise, the record Text- fig. 1 , R, slopes slightly upwards. This indicates that there was an inflow of blood from collateral vessels. Its rate was estimated as 2-0 c.c./100 c.c. calf/min.
In this case the rate of shrinkage of the calf which followed femoral arterial occlusion, Text- fig. 1 , FO, represented the excess of the pumped outflow over the inflow from the collateral vessels. We shall call it the apparent pumped outflow.
To obtain the real pumped outflow the rate of the collateral inflow must be added to the apparent outflow. That is, the rate of the collateral inflow during exercise must be added. This is probably not the same as the rate ofthe collateral inflow when the subject was completely relaxed, which we know was 2 c.c., Text- fig. 1 , R. It will be shown below that exercise hinders the blood flow through the calf so the collateral inflow during exercise is likely to be something less than the relaxation collateral inflow -in this case something between 2-0 and 0 c.c. For want of better knowledge we shall assume that exercise halves the rate of the collateral inflow. This is the best estimate that we can make, and a small error will not matter since the collateral inflow is usually small compared with the other values.
We can now calculate the blood flow during rhythmic exercise as follows:
Blood flow during =Apparent inflow 
Experimental
The subjects were healthy men aged 20-30. The subject bared his right leg up to the groin and lay on a couch with his head raised. A calf plethysmograph was fitted (cf. Barcroft & Edholm, 1943 , 1945 . As the absolute level of flow was not important the plethysmograph was air-filled (Barcroft & Edholm, 1946) . To take its weight off the leg it was suspended by a rope passing over a pulley to a counterpoise weight. The sock and shoe were put on, as also the ankle cuff for arresting the circulation in the foot, and the collecting cuff above the knee. The subject's position was adjusted; his feet on the pedals of the exercising machine, his shoulders supported by straps, and the plethysmograph clear of the couch.
The pressure point for digital compression of the femoral artery with one finger was then sought;
it was at the point of most prominent pulsation about an inch below the groin. CP, collecting pressure; R, subject stopped exercise and relaxed completely.
During the exercise, which lasted for 6 min., five records of the exercise flow were taken (Text- fig. 1 ) and also four records of the flow during brief interpolated periods of relaxation and four during brief interpolated periods of sustained contraction (Text- fig. 2 ). The ankle cuff was deflated for 5 sec. immediately after each estimation of the exercise flow. This prevented ischaenic pain in the foot while allowing 15 sec. between reinflation of the cuff and the next application of the collecting pressure.
After the subject had rested for i hr. the procedure was repeated with the thrust on the ball of the foot increased from 9 to 15 kg.
RESULTS
Text- fig. 3 shows the results obtained on six subjects doing the 9 kg. weight exercise. In every experiment the exercise flow was greater than the resting flow. The rate and amount of increase varied a good deal from subject to subject. The exercise flow was greater than the interpolated sustained contraction flow, and less than the interpolated relaxation flow. The immediate. post-exercise flow is really analogous to an interpolated relaxation flow, and was greater than the exercise flow. Although the pattern differs the general findings are consistent. Text- fig. 4 shows the results for the exercises with the 15 kg. weight. Text- fig. 6 shows the results of experiments to determine how much the procedures for measuring the exercise flow interfere with the normal reactions of the vessels supplying the active muscle. The top and bottom diagrams are from different subjects. performed, with suitable intervals of rest, in the order in which they are charted. Each continuous line curve was recorded after 24 min. continuous exercise, each broken line curve after a similar exercise during which three estimates of the exercise flow were made. It will be seen that the immediate post-exercise flow was somewhat greater when the exercise had been punctuated by these procedures, but that subsequent post-exercise flows are not increased. BARCROFT AND A. C. DORNHORST 740 c.c. (Reys, 1915) ; about three-quarters of it, say 550 c.c., was judged to have been in the plethysmograph. The total volume of calf enclosed averaged 1400 c.c., -of "which the-gastrocnemius soleus, therefore, accounted for about x 100 = 40 %. The resting calf flow averaged 2 c.c., about half of which must have been going through the gastrocnemius, and the rest, namely 1 c.c., through the skin, bone and other muscles. The 
